Purpose: To determine the outcomes in patients with rhegmatogenous retinal detachment (RRD) secondary to viral retinitis.
Introduction
Viral retinitis was first described as acute retinal necrosis (ARN) by Urayama et al in 1971, 1 and typically manifests as a progressive occlusive necrotizing vasculitis involving retinal and choroidal vasculature with subsequent retinal detachment. 2, 3 Bilateral viral retinitis, also known as bilateral ARN, occurs in approximately 13%-33% of cases. 3, 4 The incidence of viral retinitis is equal between males and females, and estimated at 0.63 cases per million population per year with a large variation in age of presentation. 5, 6 Diagnosis is based on the American Uveitis Society clinical criteria, which includes focal well-demarcated areas of retinal necrosis located in the peripheral retina, rapid and circumferential progression of necrosis, evidence of occlusive vasculopathy, and prominent inflammatory reaction in the vitreous and anterior chamber.
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almeida et al and response to therapy via viral load quantification. [14] [15] [16] Currently, oral medications, such as acyclovir (800 mg five times per day), 17 valacyclovir (1 g ter in die [TID {three times a day}]), 18 and famciclovir (500 mg TID) 19 are recommended, and seem to have similar efficacy to the traditional intravenous acyclovir (1,500 mg/m 2 body surface area) regimen. 20 Oral agents like valacyclovir (Valtrex; GlaxoSmithKline PLC, London, UK) and famciclovir (Famvir; Novartis International AG, Basel, Switzerland) have superior bioavailability and central nervous system penetration compared to acyclovir, and seem to have utility in both the initial treatment and maintenance therapy of patients with viral retinitis. 3 Rhegmatogenous retinal detachment (RRD) is common in viral retinitis, occurring in 20%-75% of eyes, with resultant poor visual outcomes. [21] [22] [23] [24] RRD usually occurs after the acute phase of infection, and is secondary to vitreous traction on necrotic retina and inflammatory membranes. 25 The role of prophylactic laser photocoagulation to prevent RRD is unclear, 26 and the optimal approach to vitrectomy for RRD remains difficult to ascertain. 6 In recent years, surgical instrumentation and antiviral regimens have changed dramatically, and there is no single treatment strategy that has been identified as the standard of care. Moreover, no variables have been identified to be predictive of surgical success for RRD or prognostic of visual outcomes. This study investigated the long-term visual and anatomic outcomes in cases with RRD secondary to viral retinitis to determine effective medical treatment and surgical approaches in this challenging group of patients.
Patients and methods
The study protocol was approved by the University of Iowa Institutional Review Board for Human Subjects Research, and adhered to the tenets set forth in the Declaration of Helsinki. Operative reports, surgical logs, and charts from a consecutive group of patients undergoing surgical repair of RRD at the University of Iowa between 2006 and 2013 were reviewed to identify subjects with a diagnosis of viral retinitis. Diagnosis of viral retinitis was based on American Uveitis Society clinical criteria. 7 Results of viral PCR detection from aqueous or vitreous biopsies were analyzed for identification of the putative herpes virus.
The records of all consecutive patients with RRD secondary to viral retinitis were reviewed for demographic data, clinical course, ophthalmic findings, and anatomic outcomes. Specifically, patient immune status, aqueous and vitreous PCR diagnosis, medical therapy, time to RRD, and surgical technique were reviewed and tabulated. Snellen visual acuity was recorded in a standardized clinical manner. The mean, median, and standard deviation of presenting and final vision were calculated after the conversion to the logarithm of the minimum angle of resolution (logMAR) equivalent of each patient's Snellen visual acuity. A visual acuity of "counts fingers" or hand motion (HM) were recorded as 20/2,000 (logMAR 2.00) and 20/20,000 (logMAR 3.00), respectively. 27 The paired t-test was used to compare visual acuity between presenting vision and those obtained at final follow-up. In all analyses, a two-tailed P-value of less than 0.05 was taken to indicate statistical significance.
Results
There were 1,259 consecutive patients with RRD during the study period. Twelve eyes in ten patients had RRD secondary to viral retinitis. The prevalence of viral retinitis-related RRD was therefore 0.95% (12 of 1,259). Among the ten patients, there were four males and six females ( Table 1 ). The mean age of patients was 49.5±19.7 years (range 24-75 years). The left eye was affected in 58.3% of cases (seven of 12), and there were two (16.7%) cases of bilateral viral retinitis. Patients were followed for a mean period of 4.4 years (standard deviation 2.2 years, range 1.5-8 years, median 1.8 years). PCR analysis was available for all patients, and identified VZV in six patients, HSV in two, and CMV in two ( Table 1) .
Three patients had active immunosuppression, including one with Fanconi syndrome (case 1), one with HIV without AIDS (case 2), and one patient with neurosarcoid (case 7, Table 1 ). One patient in remission with hairy-cell leukemia (case 10) had been immunosuppressed, but was immunocompetent at the time of viral retinitis diagnosis. Two patients had a preceding history of ipsilateral HZV shingles -10 days and 6 weeks -prior to the development of viral retinitis (cases 9 and 10, Table 1 ).
All patients were initially treated with systemic antivirals: eight patients with oral valacyclovir (1 g TID) and two patients with intravenous acyclovir induction (1,500 mg/m 2 body surface area in three divided doses), followed by maintenance therapy with oral valacyclovir (1 g TID). The two patients with CMV were treated with valganciclovir (900 mg twice daily) in addition to concomitant valacyclovir (1 g TID). Five patients were treated with oral prednisone in addition to antiviral therapy. Four patients received intravitreal injections of foscarnet (2.4 mg/0.1 cc) ( 
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Outcomes in rrD secondary to viral retinitis to HM (median 20/1,250, mean 1.74±1.07 logMAR units) ( Table 2 ). The deterioration in visual acuity of 0.65 logMAR units was statistically significant (P=0.005). Time to RRD from initial presentation with active viral retinitis ranged from 3 weeks to 3 years (median 4.5 weeks, mean 163.25±538.18 weeks). The large standard deviation in the latter value for all cases was due to one outlier in this group (case 7), who had a delay of 3 years before the presentation of RRD secondary to viral retinitis. Excluding this outlier case, the mean time to RRD was 7.90±8.30 weeks, with a median value of 4 weeks.
Macula-off RRD was found in 50% of cases (six of 12). Fundus drawings for all cases are shown in Figure 1 , and display significant pathologic findings at time of surgery superimposed with operative surgical interventions. In our study, optic nerve involvement was diagnosed according to Notes: Column 1 shows the age and sex for each of the patients. Column 2 displays the eye(s) affected. Presenting and final visual acuity are displayed in columns 3 and 4, respectively; visual acuity of "counts fingers" (CF) was recorded as 20/2,000, and hand motion (HM) recorded as 20/20,000 for statistical analysis. 27 Column 5 shows patients who received prophylactic laser retinopexy prior to occurrence of retinal detachment. Column 6 summarizes time to retinal detachment for each eye, as well as if the macula was attached at the time of surgery and whether the optic nerve appeared to be involved. surgical treatment is displayed in column 7. 
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Outcomes in rrD secondary to viral retinitis the proposed absolute and relative criteria for optic nerve involvement in viral retinitis. Absolute criteria include 1) afferent papillary defect not consistent with the retinal findings, 2) poor correlation between retinal findings and visual acuity, and 3) sudden deterioration of visual acuity to 20/100 or worse without corresponding retinal changes within a 24-to 36-hour interval. 28 Table 2) . Endolaser demarcation of retinal areas was performed during PPV. Tamponade with 1,000 cSt silicone oil was performed in eleven of 12 eyes; the remaining eye underwent tamponade with 18% C 3 F 8 intraocular gas (Table 2 ). In ten eyes (83.3%), a scleral buckle was placed at the time of PPV. Initial surgery provided successful anatomic reattachment of the retina in all cases, and there were no cases of redetachment during the follow-up period. In 50% of eyes (six of 12), silicone oil was successfully removed at a later date with no occurrence of retinal redetachment during the study period. In five eyes (41.7%; case 1 [OU], case 2, case 5, and case 9) silicone oil was left in as permanent tamponade at the discretion of the surgeon when they were concerned about a high likelihood for redetachment. There were no cases of hypotony at any time, and the lowest intraocular pressure documented during the follow-up period was 7 mmHg (case 4). There were no cases of lowest intraocular pressure greater than 30 at any time during follow-up.
Discussion
Our results indicated the most frequent cause of viral retinitis was VZV, which is consistent with the existing literature. 6, [8] [9] [10] 24 The clinical findings of CMV-associated viral retinitis (cases 1 and 2) were similar to the other patients, in that there was prominent inflammation and multifocal lesions. Case 1 had long-term suppression for Fanconi syndrome, while case 2 was diagnosed with HIV without AIDS at presentation.
The clinical findings of viral retinitis typical of ARN in this HIV-positive patient were possibly due to the fact that the CD4 count of 297 cells/mm 3 afforded some immune response with intraocular inflammation. These findings highlight that CMV-associated retinitis should be considered in the diagnostic differential even in patients who are not severely immunocompromised.
There is evidence that patients with viral retinitis tend to demonstrate variable immune dysregulation. 29 Our study contained three patients with immunocompromised status (cases 1, 2, and 7); additionally, three other patients may have had milder forms of immune dysregulation, given a history of herpetic encephalitis (case 4), shingles shortly before the retinitis (case 9), and one patient in remission for hairy-cell leukemia who also developed shingles before the retinitis (case 10). Five patients showed no evidence of an immunocompromised status or immune dysregulation.
In patients with severe immunosuppression, progressive outer retinal necrosis tends to be bilateral and presents with a predilection for the posterior pole with satellite lesions and lack of vitreous cells. 30 Given its early involvement of the macula and posterior pole, progressive outer retinal necrosis usually causes a dramatic drop in visual acuity at presentation, and two-thirds of eyes progress to no lightperception vision within 4 weeks of onset. 31 Intravitreal ganciclovir offers a targeted approach, and may result in better visual outcomes for these patients. 32 Interestingly, we found five cases (42%) of viral retinitis with macular pathology (cases 2, 5, 6 [OU], and 7 in Figure 1 ; case 5 in Figure 2 ), despite the clinical scenario being consistent with ARN. This finding did not correlate with immune status or visual acuity, but illustrates that viral retinitis may present with posterior-pole pathology. To our knowledge, this finding has not been reported in the literature, possibly because it is not included in the ARN diagnostic clinical criteria.
As mentioned previously, herpetic encephalitis and VZV shingles may exemplify cases of subtle immune dysregulation. Case 4 presented with HSV-associated ARN and a history of herpetic encephalitis. It has been shown that there is herpetic central nervous system disease in approximately 18% of patients with ARN, 5 and our study supports this observation. Two other cases (9 and 10) had recent ipsilateral dermatomal shingles and went on to develop VZV-associated ARN within 6 weeks of the shingles episode. The recommendation that patients with past herpetic disease be advised to seek prompt medical attention if they develop visual symptoms is pertinent, given the proportion of viral retinitis cases that may present with this history. Hillenkamp et al 6 this suggests that retinal and optic nerve ischemia and subsequent optic atrophy from occlusive vasculitis, rather than RRD, may be the main cause of the poor visual outcomes in patients with viral retinitis.
As described earlier, optic nerve involvement was determined according to the proposed absolute and relative criteria for optic nerve involvement in ARN. Absolute criteria include 1) afferent papillary defect not consistent with the retinal findings, 2) poor correlation between retinal findings and visual acuity, and 3) sudden deterioration of visual acuity to 20/100 or worse without corresponding retinal changes 
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Outcomes in rrD secondary to viral retinitis within a 24-to 36-hour interval. 28 Relative criteria for optic nerve involvement demonstrated on either computerized tomography and/or B-scan echography were 1) optic disk edema, and 2) enlarged optic nerves and surrounding peripapillary space. 28 Optic nerve involvement is estimated to range from 47% to 57% of cases, 33 although we found optic nerve involvement in 75% of our series. Several mechanisms have been proposed to explain the optic neuropathy associated with ARN, and this is likely related to intraneural vasculitis, loculated exudates within the optic nerve sheath causing compressive ischemia, and inflammation and necrosis due to direct herpes virus infection. 33 This finding may be useful when counseling patients -both at time of presentation and before retinal reattachment surgery -as visual acuity seems unlikely to improve in these cases and subsequent interventions are primarily aimed at preventing fellow-eye involvement, chronic RRD, and phthisis bulbi.
Our method of antiviral treatment was oral valacyclovir at a dose of 1 g TID. This was utilized in eight patients, and caused resolution of the viral retinitis. Successful control of the retinitis was also achieved in the remaining two patients with intravenous acyclovir-induction therapy followed by oral valacyclovir therapy at 1 g TID. The only exception occurred in case 7, a 75-year-old female with neurosarcoid. She initially presented with VZV-associated ARN that was successfully treated with valacyclovir 1 g TID. However, 3 years later, she presented with recurrent ARN and RRD in one eye after stopping oral valacyclovir. The fact that she required immunosuppression with three agents to control her neurosarcoid over the follow-up period is a possible reason for recurrence. It remains difficult to ascertain what additional measures should be carried out for these very high-risk individuals with a history of viral retinitis. The excellent oral bioavailability, central nervous system penetration, and ease of administration make valacyclovir ideal for the treatment of viral retinitis. Although intravenous acyclovir was used successfully in two patients, HSV resistance to acyclovir is well documented to occur in 1% of immunocompetent patients and in up to 14% of immunosuppressed patients on antiviral therapy. 34, 35 Our study found that the median time to RRD in cases of viral retinitis was approximately 4-4.5 weeks, with seven patients presenting with RRD at or before 5 weeks from their initial presentation; this is shorter than the median time of 53 days found by Tibbetts et al. 3 Primary repair with vitrectomy using silicone-oil tamponade (eleven of 12 cases) and scleral buckle (ten of 12 cases) resulted in successful anatomical retinal reattachment with no cases of subsequent RRD. Silicone-oil placement allows for a consistent, long-term tamponade. Although silicone oil could only be removed in approximately 50% of our cases, the current stability of 1,000 cSt silicone oil may be preferable for tamponade after RRD from viral retinitis. The decrease in visual acuity from intraocular silicone oil was not a significant issue in patients with ARN, as visual acuity outcomes are guarded, especially in light of optic nerve involvement.
The role of prophylactic vitrectomy in cases of ARN is controversial, with some reports showing improved outcomes with early surgical intervention, 6 while others demonstrated no difference or worse outcomes (depending on extent of disease) with prophylactic vitrectomy. 36 Although we did not analyze the role of prophylactic vitrectomy in our study, we found that timely surgery at onset of RRD allowed for stable anatomical results in all cases over a long period of follow-up. The reported literature varies widely on surgical techniques and outcomes for viral retinitis. 3, 6, 22, 24, 25, 36 Our results suggest the approach for RRD secondary to viral retinitis in this study can lead to anatomic success without subsequent RRD or hypotony.
The follow-up in our study was a mean value of approximately 4.3 years (range 1.5-8 years), and represents one of the longest follow-ups of viral retinitis patients in the literature. Accessibility to this long period of follow-up greatly aids our study resolution in extrapolating meaningful clinical conclusions regarding visual acuity prognosis, stability of anatomical and surgical outcomes, and the effectiveness of oral antiviral medial therapy. Nonetheless, a limitation of our study is the small sample size and its retrospective nature.
In summary, we present the visual and anatomic outcomes of 12 consecutive cases in ten patients of RRD secondary to viral retinitis with extensive follow-up. VZV was the most frequent cause of viral retinitis; however, CMV-associated cases were frequent in immunocompromised patients. Prior herpetic disease, such as herpetic encephalitis and shingles, were relevant factors in the medical histories of patients who developed viral retinitis. These patients should be counseled to present immediately should eye symptoms occur. Oral valacyclovir seems to be a safe and efficacious treatment for viral retinitis. Vitrectomy, with silicone-oil tamponade and scleral buckle placement, was successful, with excellent anatomical results and is recommended by us for patients with RRD secondary to viral retinitis. Visual acuity outcomes where there is optic nerve involvement are poor, and indeed the dramatic decline in visual acuity in patients with viral retinitis continues to be disappointing.
